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Pyridothiophene Compounds 

This invention relates to substituted bicyclic thieno[2,3-d]pyrid[ne (herein 
referred to as 'pyridothiophene') compounds having HSP90 inhibitory activity, 
to the use of such compounds in medicine, in relation to diseases which are 
mediated by excessive or inappropriate HSP90 activity such as cancers, and 
to pharmaceutical compositions containing such compounds. 

Backoround to the invention 

Molecular chaperones maintain the appropriate folding and conformation of 
proteins and are crucial in regulating the balance between protein synthesis 
and degradation. They have been shown to be important In regulating many 
Important cellular functions, such as cell proliferation and apoptosis (Jolly and 
Morlmoto, 2000; Smith et al., 1998; Smith, 20O1). 

Heat Shock Proteins <^HSPs) 
Exposure of cells to a number of environmental stresses, including heat 
shock, alcohols, heavy metals and oxidative stress, results in the cellular 
accumulation of a number of chaperones, commonly known as heat shock 
proteins (HSPs). Induction of HSPs protects the cell against the initial stress 
insult, enhances recovery and leads to maintenance of a stress tolerant state. 
It has also become clear, however, that certain HSPs may also play a major 
molecular chaperone role under nomial, stress-free conditions by regulating 
the correct folding, degradation, localization and function of a growing list of 
important cellular proteins. 

A number of multigene families of HSPs exist, with individual gene products 
varying in cellular expression, function and localization. They are classified 
according to molecular weight, e.g., HSP70, HSP90, and HSP27. 
Several diseases in humans can be acquired as a result of protein misfolding 
(reviewed in Tytell et al., 2001; Smith et al., 1998). Hence the development 
of therapies which disrupt the molecular ctiaperone machinery may prove to 
be beneficial. In some conditions (e.g., Alzheimer's disease, prion diseases 
and Huntington's disease), misfolded proteins can cause protein aggregation 
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resulting in neurodegenerative disorders. Also, misfolded proteins may result 
in loss of wild type protein function, leading to deregulated molecular and 
physiological functions in the cell. 

HSPs have also been Implicated In cancer. For example, there is evidence of 
differential expression of HSPs which may relate to the stage of tumour 
progression (Martin et al., 2000; Conroy et al., 1996; Kawanishi et al., 1999; 
Jameel et al., 1992; Hoang et a!., 2000; Lebeau et a!., 1991). As a result of 
the Involvement of HSP90 in various critical oncogenic pathways and the 
discovery that certain natural products with anticancer activity are targeting 
this molecular chaperone, the fascinating new concept has been developed 
that Inhibiting HSP function may be useful in the treatment of cancer. The first 
molecular chaperone inhibitor is currently undergoing clinical trials. 

HSP90 

HSP90 constitutes about 1-2% of total cellular protein, and is usually present 
in the cell as a dimer in association with one of a number of other proteins 
(see, e.g., Pratt, 1997). It Is essential for cell viability and it exhibits dual 
chaperone functions (Young et al., 2001). It plays a Icey role in the cellular 
stress response by Interacting with many proteins after their native 
conformation has been altered by various environmental stresses, such as 
heat shock, ensuring adequate protein folding and preventing non-specific 
aggregation (Smith et al., 1998). In addition, recent results suggest that 
HSP90 may also play a role in buffering against the effects of mutation, 
presumably by correcting the Inappropriate folding of mutant proteins 
(Rutherford and Lindquist, 1998). However, HSP90 also has an important 
regulatory role. Under normal physiological conditions, together with its 
endoplasmic reticulum homologue GRP94, HSP90 plays a housekeeping role 
in the celL maintaining the conformational stability and maturation of several 
key client proteins. These can be subdivided Into three groups: (a) steroid 
hormone receptors, (b) Ser/Thr or tyrosine kinases (e.g., ERBB2, RAF-1 , 
CDK4:.and LCK), and (c) a coilectkm of apparently unrelated proteins, e.g., 
mutant p53 and the catalytic subunit of telomerase hTERT. All of these 
proteins play key regulatory roles in many physiological and biochemical 
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New HSP90 client proteins are continuously being 



The highly conserved HSP90 family In humans consists of four genes, namely 
the cytosollc HSP90a and HSPQOp Isoforms (HIckey et al., 1989), GRP94 In 
the endoplasmic reticulum (Argon et al., 1999) and HSP75/TRAP1 in the 
mitochondrial matrix (Felts et al., 2000). It Is thought that all the family 
members have a similar mode of action, but bind to different client proteins 
depending on their localization within the cell. For example, ERBB2 is known 
to be a specific client protein of GRP94 (Argon et al., 1 999) and type 1 tumour 
necrosis factor receptor (TNFR1) and RB have both been shown to be clients 
of TRAP1 (Song et al., 1995; Chen et al., 1996). 

HSP90 participates in a series of complex interactions with a range of client 
and regulatory proteins (Smith, 2001). Although the precise molecular details 
remain to be elucidated, biochemical and X-ray crystallographic studies 
(Prodromou et al., 1997; Stebblns et al., 1997) carried out over the last few 
years have provided increasingly detailed insights into the chaperone function 
of HSP90. 

Following eariier controversy on this Issue, It is now clear that HSP90 is an 
ATP-dependent molecular chaperone (Prodromou et ai. 1997), with 
dimerization of the nucleotide binding domains being essential for ATP 
hydrolysis, which is In turn essential for chaperone function (Prodromou et al, 
2000a). Binding of ATP results in the formation of a toroidal dimer structure in 
which the N terminal domains are brought into closer contact with each other 
resulting in a conformational switch l<nown as the 'clamp mechanism' 
(Prodromou and Peari, 2000b). 

Known HSP9Q Inhibitors 
The first class of HSP90 inhibitors to be discovered was the benzoquinone 
ansamydn class, which includes the compounds herbimycin A and 
geldanamycin. They were shown to reverse the malignant phenotype of 
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fibroblasts transformed by the v-Src oncogene (Uehara et al., 1985), and 
subsequently to exhibit potent antitumour activity in both in vitro (Schulte et 
al., 1998) and in vivo animal models (Supko et al., 1995). 

Immunoprecipitation and affinity matrix studies have shown that the major 
mechanism of action of geldanamycin involves binding to HSP90 (Whitesell et 
al., 1994; Schulte and Neckers, 1998). Moreover, X-ray crystallographic 
studies have shown that geldanamycin competes at the ATP binding site and 
inhibits the Intrinsic ATPase activity of HSP90 (Prodromou et al., 1997; 
Panaretou et al., 1998). This in turn prevents the formation of mature 
multlmeric HSP90 complexes capable of chaperoning client proteins. As a 
result, the client proteins are targeted for degradation via the ubiquitin 
proteasome pathway. 1 7-Allylamino, 17-demethoxygeldanamycin (17AAG) 
retains the property of HSP90 inhibition resulting in client protein depletion 
and antitumour activity in cell culture and xenograft models (Schulte et al, 
1998; Kelland et al, 1999), but has significantly less hepatotoxicity than 
geldanamycin (Page et al, 1997). 17AAG Is currently being evaluated in 
Phase I clinical trials. 

Radidcol Is a macrocyclic antibiotic shown to reverse the malignant 
phenotype of v-Src and v-Ha-/?as transformed fibroblasts (Kwon et al, 1992; 
Zhao et al, 1995). It was shown to degrade a number of signalling proteins as 
a consequence of HSP90 Inhibition (Schulte et al., 1998). X-ray 
crystallographic data confimied that radicicol also binds to the N terminal 
domain of HSP90 and inhibits the intrinsic ATPase activity (Roe et al., 1998). 
Radicicol lacks antitumour activity in vivo due to the unstable chemical nature 
of the compound. 

Coumarin antibiotics are known to bind to bacterial DNA gyrase at an ATP 
binding site homologous to that of the HSP90. The coumarin, novobiocin, 
was shown to bind to the cartjoxy terminus of HSP90, I.e., at a different site to 
that occupied by the benzoquinone ansamycins and radickx)! whteh bind at 
the N-terminus (ly/Iarcu et al., 2000b). However, this still resulted in inhibition 
of HSI=>90 function and degradation of a number of HSP90-chaperoned 
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signalling proteins (Marcu et al., 2000a). Geldanamcyin cannot bind HSP90 
subsequent to novobiocin; this suggests that some interaction between the N 
and C terminal domains must exist and is consistent with the view that both 
sites are important for HSP90 chaperone properties. 

A purlne-based HSP90 inhibitor, PU3, has been shown to result In the 
degradation of signalling molecules, including ERBB2, and to cause cell cycle 
arrest and differentiation In breast cancer cells (Chiosis et al., 2001). 

HSP90 as a Theraoeutic Target 
Due to its involvement in regulating a number of signalling pathways that are 
crucially Important in driving the phenotype of a tumour, and the discovery 
that certain bioactive natural products exert their effects via HSP90 activity, 
the molecular chaperone HSP90 is currently being assessed as a new target 
for anticancer drug development (Neckers et al.. 1 999). 

The predominant mechanism of action of geldanamycin, 1 7AAG, and radicicol 
involves binding to HSP90 at the ATP binding site located in the N-tennlnal 
domain of the protein, leading to inhibition of the intrinsic /VTPase activity of 
HSP90 (see. e.g., Pnodromou et al., 1997; Stebbins et ai., 1997; Panaretou et 
al., 1998). 

Inhibition of HSP90 ATPase activity prevents recruitment of co-chaperones 
and encourages the fomiation of a type of HSP90 heteroconnplex from which 
these client proteins are targeted for degradation via the ubiquitin proteasome 
pathway (see, e.g., Neckers et al., 1999; Kelland et al., 1999). 

Treatment with HSP90 inhibitors leads to selective degradation of important 
proteins involved in cell proliferation, cell cycle regulation and apoptosis, 
processes which are fundamentally important in cancer. 

inhibltton of HSP90 function has been sliown to cause selective degradatton 
of important signalling proteins involved in cell proliferation, ceil cycle 
regulation and apoptosis, processes which are fundamentally important and 
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which are commonly deregulated In cancer (see, e.g., Hostein et al.. 2001). 
An attractive rationale for developing drugs against this target for use In the 
clinic Is that by simultaneously depleting proteins associated with the 
transformed phenotype, one may obtain a strong antttunnour effect and 
achieve a therapeutic advantage against cancer versus normal cells. These 
events downstream of HSP90 inhibition are believed to be responsible for the 
antitumour activity of HSPgo Inhibitors in cell culture and animal models (see, 
e.g.. Schuite et ai., 1998; Keliand et ai.. 1999). 

Brief description of the invention 

The present Invention relates to the use of a class of substituted thleno[2,3- 
d]pyridine compounds (refen-ed to herein as pyridothiopiienes) as HSP90 
inhibitors, for example for Inhibition of cancer cell proliferation. A core 
pyridothiophene ring system with amino, cyano and aromatic substitution on 
the pyrido ring are principle characterising features of the compounds with 
which the invention is concerned. 

Detailed description of the invention 

The present invention provides the use of a compound of formula (I), or a salt, 
N-o)dde, hydrate, or solvate thereof, in ttie preparation of a composition for 
inhibition of HSP90 activity in vitro or in vivo: 




(I) 



whe re in 

Rz-is-a-group of formula (lA): 

-(Ar^)m-(Alk^)p-(Z)r(Allc2)^^ 

wherein in any compatible combination 

Ar^ !s an optionally substituted aryt or heteroaryl radical. 

Alk^ and Alk^ are optionally substituted divalent C1-C3 alkylene 

or CVCsalkenylene radicals, 
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m, p, r and s are independently 0 or 1 , 

z is -0-, -S-. -(c=o)-. -ic=sy, -SO2-, -c(=o)o-, -c(=o)nr''- . 

-C(=S)NR\ -S02NR\ -NR\:(=0)-. -NR^SOz- or-NR'^- 
wherein R'^ is hydrogen or Ci-Ce alkyi, and 
Q is iiydrogen or an optionally substituted carbocyclic or 
heterocyclic radical; 

R3 is hydrogen, an optional subslltuent, or an optionally substituted (d- 
C6)aikyl, aryl or heteroaryl radical; and 

R4 is a carboxyllc ester, carboxamide or sulfonamide group. 
The invention also includes: 

(i) A phamiaceutlcal or veterinary composition comprising a compound of 
formula (I) above, together v>/ith a phanmaceutically or veterinarily acceptable 
carrier. 

(ii) . A method of treatment of diseases or conditions mediated by excessive or 
inappropriate HSP90 activity in mammals which method comprises 
administering to the mammal an amount of a compound of formula (I) atiove 
effective to Inhibit said HSP90 activity. 

As used herein: 

the tenn "carboxyl group" refers to a group of formula -COOH; 

the term "carboxyl ester group" refers to a group of formula -COOR, 
wherein R is a radical actually or notionally derived from the hydroxyl 
compound ROH; and 

the term "cariDOxamlde group" refers to a group of fonmula -CONRaRb. 
wherein -NRaRb Is a primary or secondary (including (yclic) amino 
group actually or notionally derived from ammonia or the amine 
HNRaRb. 
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the term "sulfonamide group" refers to a group of formula 
-SOaNRaRb, wherein -NRgRb is a primary or secondary (including 
cyclic) amino group actually or notionally derived from ammonia or the 
amine HNRgRb 

As used herein, the term "(Ci-Ce)alkyl" refers to a straight or branched chain 
alkyi radical having from 1 to 6 carbon atoms, including for example, methyl, 
ethyl, n-propyl, isopropyl, n-butyl, Isobutyl, sec-butyl, t-butyl, n-pentyl and n- 
hexyl. 

As used herein the term "divalent (Ci-C6)alkylene radical" refers to a 
saturated hydrocarbon chain having from 1 to 6 carbon atoms and two 
unsatisfied valences. 

As used herein, the terni "(Ci-C6)alkenyl'' refers to a straight or branched 
chain alkenyl radical having from 2 to 6 carbon atoms and containing at least 
one double bond of E or Z configuration, including for example, ethenyl and 
allyl. 

As used herein the term "divalent (C2-C6)alkenylene radical" refers to a 
hydrocarbon chain having from 2 to 6 carbon atoms, at least one double 
bond, and two unsatisfied valences. 

As used herein the temn "cycloalkyi" refers to a saturated carbocycllc radical 
having from 3-8 carbon atoms and Includes, for example, cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl. 

As-used herein the term "cycloalkenyl" refers to a carbocycllc radical having 
from 3-8 carbon atoms containing at least one double bond, and includes, for 
example, cyclopentenyl, cyclohexenyi, cycloheptenyl and cyclooctenyl. 

As used herein the term "aryl" refers to a mono-, bl- or tri-cycllc carbocycllc 
aromatic radical, mustrative of such radicals are phenyl, biphenyl and napthyl. 
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As used herein the term "carbocyclic" refers to a cyclic radical whose ring 
atoms are all carbon, and includes monocyclic aryl, cycloaikyi, and 
cycloalkenyl radicals. 

As used herein the temri "heteroaryl" refers to a mono-, bi- or tri-cyclic 
aromatic radical containing one or more heteroatoms selected from S, N and 
O. Illustrative of such radicals are thienyl, benzthienyl, furyi, benzfuryl, 
pyrrolyl, imidazolyl, benzlmidazolyl, thiazolyl. benzthlazoiyi, isothiazolyl, 
benzisothiazolyl, pyrazolyl, oxazolyl. benzoxazolyl, isoxazolyl. benzlsoxazolyl, 
isothiazolyl, triazolyl, benztriazolyl, thiadlazoiyi, oxadlazolyl, pyridinyi, 
pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, indolyl and indazolyi. 

As used herein the unqualified temn "heterocyclyr or "heterocyclic" includes 
"heteroaryl" as defined above, and in particular refers to a mono-, bi- or tri- 
cyclic non-aromatic radical containing one or more heteroatoms selected from 
S, N and O, and to groups consisting of a monocyclic non-aromatic radical 
containing one or more such heteroatoms which is covalently linked to 
another such radical or to a monocyclic carbocyclic radical. Illustrative of such 
radicals are pyrrolyl, furanyl, thienyl, piperidinyl, imidazolyl. oxa^lyl, 
Isoxazolyl, thiazolyl, thiadlazoiyi, pyrazolyl, pyridinyi. pyrrolidinyl, pyrimidinyl. 
morpholinyl, piperazinyl. indolyl, morpholinyl, benzfuranyl, pyranyl, isoxazolyl, 
benzlmidazolyl, methylenedioxyphenyl, ethylenedioxyphenyl, maleimido and 
succinimido groups. 

Unless otherwise specified in the context in which it occurs, the term 
"substituted" as applied to any moiety herein means substituted with at least 
one substituent selected from (Ci-Ce)alkyl, (Ci-C6)alkoxy, hydroxy, 
hydroxy(Ci-C6)alkyl, mercapto, mercapto(Ci-C6)alkyl, (Ci-C6)alkylthio, halo 
(including fiuoro and chtoro), trifluoromethyl, trifluoromethoxy, nitro, nitrile (- 
CN), oxo, phenyl, -COOH, -COOR'^, -COR'^, -SOzR^, -CONH2. -SO2NH2, 
-CONHR'^, -SOzNHR'^, -CONR'^R^, -SOoNR^^, -NH2, -NHR^ -NR'^R^, 
-OCONH2, -OCONHR'^ , -OCONR'^R^. -NHCOR^ -NHCOOR^. 
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-NR^COOR^ -NHSOzOR^. -NR^S020R^ -NHCONH2. -NR^CONHa, - 
NHCONHR^. -NR^CONHR^. -NHCONR^R^ or -NR^^CONR^rB wherein R'^ 
and R^ are Independently a (Ci-C6)alkyl group. Thetemi "optional substltuenr 
means one of the foregoing substituent groups. 

As used herein the tenn "sair Includes base addition, acid addition and 
quaternary salts. Compounds of the invention which are acidic can form salts, 
Including phamnaceutically or veterinarlly acceptable salts, with bases such as 
alkali metal hydroxides, e.g. sodium and potassium hydroxides; alkaline earth 
metal hydroxides e.g. calcium, barium and magnesium hydtr>xides; with 
organic bases e.g. N-ethyl piperidine, dibenzyiamine and the like. Those 
compounds (I) which are basic can fomi salts, including phannaceuticaliy or 
veterinarily acceptable salts with inorganic acids, e.g. with hydrohalic acids 
such as hydrochloric or hydrobromic acids, sulphuric acid, nitric acid or 
phosphoric acid and the like, and with organic acids e.g. with acetic, tartaric, 
succinic, fumaric, maleic, malic, salicylic, citric, methanesulphonic and p- 
toluene sulphonic acids and the like. 

Some compounds with which the Invention is concemed contain one or more 
actual or potential chlral centres because of the presence of asymmetric 
carbon atoms. The presence of several asymmetric carbon atoms gives rise 
to a number of dlastereolsomers with R or S stereochemistry at each chlral 
centre. The invention Includes the use of all such diastereoisomers and 
mixtures thereof. 

The radical Ro 

As stated, R2 is a group of formula (lA): 

-(Ar^)m-(Alk')p-(Z)r(Alk2)s-Q (lA) 
wherein in any compatible combination Ar^ is an optionally substituted aryl or 
heteroaryl radical, Alk^ and Alk^ are optionally substituted divalent C1-C3 
alkylene or C2-C3 alkenylene radicals, m, p, r and s are Independently 0 or 1 , 
Z is -0-, -S-, -(C=0)-. -(C=S)-. -SO2-, -C(=0)0-, -C(=0)NR'^- . -C(=S)NR^-, 
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-SOaNR'^-. -m^Ci^oy, -NR^SOz- or -NR'^- wherein R^ is hydrogen or Ci-Ce 
alkyl. and Q is hydrogen or an optionally substituted carbocyclic or 
heterocyclic radical; 

In a sinnple subclass of compounds with which the Invention is concerned, m 
Is 1 and each of p, r and s is 0, and Q Is hydrogen, so that Ra Is optionally 
substituted aryl or heteroaryl. In such cases, Ra may be, for example, 
optionally substituted phenyl, 2- or 3-thlenyl, 2- or 3-ftjranyl, or 2-, 3- or 4- 
pyridinyl. Cun^ntly prefen^ed are compounds wherein R2 Is optionally 
substituted phenyl, for example where the optional substituents are selected 
from substituted methyl, ethyl, n- or isopropyl, methoxy, ethoxy. isopropoxy, 
chloro, or bromo, for example in the 4-position of the phenyl ring. 

In other simple structures, m is 1 , p, r and s are again each 0, and Q may be 
an optionally substituted carbocyclic or heterocyclic ring, for example phenyl, 
cyclohexyl, pyridyl, morpholino, piperidlnyl, or piperazinyl ring. In such cases, 
Q Is a direct substituent in the optionally substituted Ar^ ring. 

In more complex structures with which the Invention is concemed, one or 
more of m, p, r and s may be 1 , and Q may be hydrogen or an opttonally 
substituted carbocyclic or heterocyclic ring. For example, p and/or s may be 1 
and r may be 0, so that Q Is linked to Ar^ by an alkylene or alkenylene radical, 
for example a C1-C3 alkylene radical, which is optionally substituted. In other 
cases each of p, r, and s may be 1 , In which cases, Q is linked to Ar^ by an 
alkylene or alken^ene radical which is intenupted by the hetero atom- 
containing Z radical. In still other cases, p and s may be 0 and r may be 1. in 
which case Q is linked to Ar^ via the hetero atom-containing 2 radical. 

Specific examples of Ri groups of the above types are present In the 
compounds of the Examples herein. 

The optional substituent Ro 

R3 Is hydrogen or an optional substituent, as defined above. Presently It Is 
prefenred that R3 be amino (NH2) 



11 



wo 2005/034950 



PCT/GB2004/004216 



The group 

When R4 is a carboxamlde group, examples include those of formula 
-OONR^(Alk)nR'^ wherein 

Alk Is a divalent alkylene. alkenylene or alkynylene radical, for example 
a -CH2-, -CH2CH2-. -CH2CH2CH2-, -CH2CH=CH-, or-CH2CCCH2- 
radlcal, and the Alk radical may be opttonally substituted, 

n Is 0 or 1 . 

is hydrogen or a Ci-Ce alkyi or C2-C6 alkenyl group, for example 
methyl, ethyl, n- or iso-propyi, or allyl, (most preferably hydrogen) 

R'^ is hydroxy or optionally substituted carbocyclic, for example hydroxy 
and/or chloro-substltuted phenyl and 3,4 methylenedioxyphenyl; or 
heterocyclyl, for example pyridyl, furyl, thienyl, N-plperazlnyl, or N- 
morphollnyl any of which heterocyclic rings may be substituted, 

or R'^ and R^ taken together with the nitrogen to which they are 
attached fbm an N-heterocyclic ring which may optionally contain one 
or more additional hetero atoms selected from O, S and N, and which 
may optionally be substituted on one or more ring C or N atoms, 
examples of such N-heterocyclic rings Including morpholino, 
piperidinyl, piperazinyl and N-phenylpiperazinyl. 

When R4 is a cartooxylic ester group, examples include those of formula - 
CO0R*= wherein R^ is a Ci-Ce alkyi or C2-C6 alkenyl group, for example 
»TiethyI,-ethyJ, n- or iso-propyl, or allyl; or an optionally substituted aryl or 
heteroaryl group, for example optionally substituted phenyl, pyridyl or 
thiazolyl; or an optionally substituted aryl(Ci-C6 alkyi)- or heteroaryl(Ci-C6 
alkyl)=.gmup-such-as Jaenzyl or pyridylmethyl; or an optionally substituted 
<^ck>alkyl group such as cyclopentyl or cyclohexyl. 
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Specific compounds with wliich the invention is concerned Include those of 
the Examples. 



Compounds with which the invention is concerned may be prepared by 
literature methods, such as those of the preparative Examples herein, and 
methods analogous thereto. For example the following general reaction 
scheme can be employed: 



-=o 



CN 



CN 



EtOH 
500C. 



CN 
CN 



EtOH 
reflux, N2 



f 



N 
H 

BrCHgCO^Et 
NaOEt 
EtOH. reflux 

EtOH, reflux HjN N S R* 
R* = ester 

Starting material are eitiier available commercially or can be made according 
to literature methods. Subsequent reactions may be c^irried out on R^, or 
R"* to prepare additional compounds of formula (I) 




2 NaOH (aq) 
OH 



The compounds with which the invention is concerned are inhibitors of l-iSP90 
and are useful in the treatment of diseases \A^ich are mediated by excessive 
or inappropriate IHSP90 activity such as cancers; viral diseases such as 
Hepatitis C (l-ICV) (Waxman. 2002); Immunosupression such as in 
transplantation (Bijimakers, 2000 and Yongin, 2000); Anti-inflammatory 
diseases (BuccI, 2000) such as Rheumatoid arthritis. Asthma, MS, Type I 
Diabetes, Lupus, Psoriasis and Inflammatory Bowel Disease; Cystic fibrosis 
(Fuller, 2000); Angiogenesis-related diseases (Hur, 2002 and Kurebayashi, 
2001): diabetic retinopathy, haemangiomas, psoriasis, endometriosis and 
tumour angiogenesis. Also an Hsp90 inhibitor of the invention may protect 
normal cells against chemotherapy-induced toxicity and be useful in diseases 
where failure to undergo apoptosis is an underlying factor. Such an HspQO 
inhibitor may also be useful in diseases where the induction of a cell stress or 
heat shock protein response couW be beneficial, for example, protection from 
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hypoxia-ischemic injury due to elevation of Hsp70 In the heart (Hutter. 1996 
and Trost, 1998) and brain (Plumier, 1997 and Rajder. 2000). An Hsp90 
inhibitor - induced increase in Hsp70 levels could also be useful In diseases 
where protein misfolding or aggregation is a major causal factor , for example, 
neurogenerative disorders such as scraple/CJD, Huntingdon's and 
Alzheimer's (Slttler. 2001; Trazelt, 1995 and Winklhofer, 2001)". 

It will be understood that the specific dose level for any particular patient will 
depend upon a variety of factors including the acti>^ of the specific 
compound employed, the age, body weight, general health, sex, diet, time of 
administration, route of administration, rate of excretion, drug combination and 
the causative mechanism and severity of the particular disease undergoing 
therapy. In general, a suitable dose for orally administrable formulations will 
usually be In the range of 0.1 to 3000 mg once, twice or three times per day, 
or the equivalent daily amount administered by infusion or other routes. 
However, optimum dose levels and frequency of dosing will be determined by 
clinical trials as is conventional in the art. 

The compounds with which the invention is concerned may be prepared for 
administration by any route consistent with tiieir pharmacoidnetic properties. 
The orally administrable compositions may be in the fonn of tablets, capsules, 
powders, granules, lozenges, liquid or gel preparations, such as oral, topical, 
or sterile parenteral solutions or suspensions. Tablets and capsules for oral 
administration may be in unit dose presentation form, and may contain 
conventional excipients such as binding agents, for example syrup, acacia, 
gelatin, sorbitol, tragacanth, or polyvinyl-pyrrolidone; fillers for example 
lactose, sugar, maize-starch, calcium phosphate, sorbitol or glycine; tabletting 
lubricant, for example magnesium stearate, talc, polyethylene glycol or silica; 
d^^ntegrants for example potato starch, or acceptable wetting agents such as 
sodium lauiyl sulphate. The tablets may be coated according to methods well 
known In normal pharmaceutical practice. Oral liquid preparations may be in 
the^fsFm of, for example, aqueous or oily suspensions, solutions, emulsions, 
syrups or elixirs, or may be presented as a dry product for reconstitution with 
water or other suitable vehicle before use. Such liquid preparations may 
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contain conventional additives such as suspending agents, for example 
sorbitol, syrup, methyl cellulose, glucose syrup, gelatin hydrogenated edible 
fats; emulsifying agents, for example lecithin, sorbitan monooleate. or acacia; 
non-aqueous vehicles (which may include edible oils), for example almond 
oil, fractionated coconut oil, oily esters such as glycerine, propylene glycol , or 
ethyl alcohol; preservatives, for example methyl or propyl p-hydroxybenzoate 
or sorbic acid, and if desired conventional flavouring or colouring agents. 

For topical application to the skin, the drug may be made up into a cream, 
lotion or ointment. Cream or ointment formulations which may be used for the 
drug are conventional formulations well known In the art, for example as 
described in standard textbooks of pharmaceutics such as the British 
Pharmacopoeia. 

The active Ingredient may also be administered parenterally in a sterile 
medium. Depending on the vehicle and concentration used, the drug can 
either be suspended or dissolved in the vehicle. Advantageously, adjuvants 
such as a local anaesthetic, preservative and buffering agents can be 
dissolved in the vehicle. 

The following examples illustrate the preparation and activities of specific 
compounds with which the invention Is concerned. 

Example 1 

3,6-Diamino-5-cyano-4-phenyl-thieno[2,3-b]pyridine-2-carboxylic acid 
ethylamide 




Step1 
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Malonltrile (1eq) was dissolved in EtOH wtth stirring under a N2 atmosphere. 
Benzaldehyde (1.1 eq) was added followed by catalytic N-methylmorpholine. 
The mixture was stirred at 60°C for 30 minutes, after which time the solution 
had produced a heavy precipitate. The reaction was allowed to cool to room 
temperature and 2-benzylidene-malononitrile was collected by vacuum 
filtration. 

LC retention time = 2.416 min [M+H]* not observed 
Step 2 

2-Benzylldene-malononitrile (leq) was dissolved with stining in EtOH and 
cyanothioacetamlde (leq) was added. N-Methylmorpholine (2eq) was added 
and all was heated at reflux overnight under a N2 atmosphere. Allowed to cool 
to room temperature, and the resulting precipitate, 6-amino-4-phenyl-2-thioxo- 
1,2-dihydro-pyridine-3,5-dicart3onitrile, was collected by vacuum filtration. 
LC retention time = 2.04 min [M+H]* 253.1 

Step 3 

6-Amino-4-phenyl-2-thioxo-1 ,2-dihydro-pyridine-3,5-dlcarbonitrile (1 eq) was 
added to a freshly prepared solution of NaOEt (3eq) in EtOH. 
Ethylbromoacetate (1eq) was added and stirred for a few minutes at room 
temperature during which time, a thick solid precipitated out of solution. The 
reaction mbcture was heated at 80°C for 1.5 hours, after which time the 
solution was cooled back to room temperature. The resulting precipitate, 3,6- 
diamino-5-cyano-4-phenyl-thieno[2,3-b]pyrldlne-2-carboxylic acid ethyl ester, 
was collected by vacuum filtration. 
LC retention time = 2.603 min [M+H]* 339.1 

Step 4 

3.6-Diamino-5-cyano-4-phenyl-thieno[2,3-b]pyridine-2-carboxyIic acid ethyl 
ester was suspended in EtOH and 3M NaOH (aq) (3eq) was added. The 
suspension was heated to reflux and dissolution occurred. Allowed to cool to 
room temperature on completion and the reaction mixture was concentrated 
In vacuo. The residue was taken up in water and acidified by addltk)n of 
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IM HCl (aq). The resulting precipitate, 3.6-diamino-5-cyano-4-phenyl-tliieno 
[2,3-b]pyridine-2-carboxyllc acid, was collected by vacuum filtration. 
LC retention time = 2.098 min [M+H]* 31 1 .1 

Steps 

3,6-Diamino-&-cyano-4-phenyl-thieno [2,3-b]pyridine-2-carboxyllc acid (1eq) 
was taken up in DMF with stlning and HATU (1.1 eq), excess 2M methanolic 
ethylamine and DIPEA (3eq) were added. Stinred overnight at room 
temperature. The DMF was removed by evaporation and the residue was 
dissolved in DCM. This was washed with 1 M HCl (aq), saturated 
NaHCOa (aq) and brine. The organic phase was dried over l\/IgS04, filtered, 
and concentrated in vacuo. The crude product was then purified by column 
chromatography, eluting with 0.5% [\/leOH/DCI\/l to give 3.6-diamino-5-cyano- 
4-phenyl-thienoI2,3-b]pyridine-2-carboxylic acid ethylamide. 

LC retention time = 2.259 min [M+H]* 338.1 

The compound of Example 1 had activity in the "A" range when tested in the 
fluorescence polarisation assay described below. 

Additional compounds were either procured from commercially available 
sources, or syntheslsed by methods analogous to that of Example 1 . 
Compounds procured from commercial sources may also be syntheslsed by 
the method of Example 1. Additional compounds are identified and 
characterised by mass ion data in the following Table. The source of the 
compound is identified in the final column, or the compound by the following 
Key: 

"Sjmth" compound syntheslsed de novo. 

"Specs" compound purchased from:Specs, Fleminglaan 16, 2289 CP 
Rijswijk, The Netheriands 

"IBS" compound purchased from:lnterBioScreen Ltd., 121019 

Moscow, P.O. Box 218, Russia 
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"ASr compound purchased from: ASINEX Ltd, 6 Schuklnskaya 

Street, Moscow 123182, Russia 



The penultimate column of the table shows the result obtained in the 
fluorescence polarisation assay described below 



Example 


Stmcture 


MH+ 


Hsp90 FP 
IC50 


Source 


2 


N S O 


442 


B 


Specs 


3 


(1*1 


458 


B 


Specs 


4 




389 


B 


IBS 




X 








5 




435 


B 


IBS 


6 




352 


A 


IBS 












7 




344 


A 


IBS 
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8 




354 


A 


ASI 


9 


rlrtl 


465 


B 


IBS 












10 


HjN''^N S O 


370 


B 


IBS 


11 




352 


B 


Synth 


12 




400 


B 


Synth 


13 




366 


B 


Synth 


14 


o 

HjN^N S O 


324 


A 


Synth 












15 




382 


A 


Synth 
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16 




393 


B 


Synth 


17 




395 


B 


Synth 


18 


O r< 


450 


B 


Synth 


19 


X i*"* H C3 


437 


B 


Synth 


20 




380 


B 


Synth 


21 




422 


B 


Synth 


22 


HJM ® O 


367 


A 


Synth 


23 




381 


B 


Synth 


24 


tya n' s o 


354 


B 


Synth 
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25 




310 


B 


Synth 


26 




352 


B 


Synth 


27 




383 


B 


Synth 



Fluorescence Polarization Assay 

Fluorescence polarization {also knovym as fluorescence anisotropy} measures 
the rotation of a fluorescing species in solution, where the larger molecule the 
more polarized the fluorescence emission. When the fluorophore Is excited 
with polarized light, the emitted light Is also polarized. The molecular size is 
proportional to the polarization of the fluorescence emission. 

The fluorosceln-labelled probe - RBT0045864-FAi^ - 




binds to HSP90 { full-length human, full-length yeast or N-terminal domain 
HSP90 } and the anisotropy {rotation of the probe:protein complex} is 
measured. 
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Test compound is added to the assay plate, left to equilibrate and the 
anisotropy measured again. Any change in anisotropy is due to competitive 
binding of compound to HSP90, thereby releasing probe. 



Materials 



Chemicals are of the highest purity commercially available and all aqueous 
solutions are made up in AR water. 



1 ) Costar ge-well black assay plate #391 5 

2) Assay buffer of (a)100mM Tris pH7.4; (b) 20mM KCI; (c) 6mM MgCb. 
Stored at room temperature. 

3) BSA (bovine serum albumen) 10 mg/ml (New England Biolabs # B9001S) 

4) 20 mM probe In 100 % DMSO stock concentration. Stored in the dark at 
RT. Working concentration is 200 nM diluted In AR water and stored at 4 
°C. Final concentration in assay 80 nM. 

5) E. coll expressed human full-length HSP90 protein, purified >95% (see, 
e.g., Panaretou et a!., 1998) and stored In SOpL aliquots at -SO^'C . 



Protocol 

1) Add lOOpI 1x buffer to wells IIAand 12A(=FP BLNK) 

2) Prepare assay mix - all reagents are kept on ice with a lid on the 
bucket as the probe is light-sensitive. 



• 1x I-Isp90 FP Buffer 

• BSA10mg/ml(NEB) 

• Probe 200|jM 

• Human full-length HspQO 



I. Final Cone" 
10 ml 1x 
5.0 pi 5 (jg/ml 

4.0 Ml 80 nM 

6.25 Ml 200 nM 



3) Aliquot lOOpI assay mix to all other wells 

4) Seal plate and leave in dark at room temp for 20 minutes to equilibrate 
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1 ) In a clear 96-well v-bottom plate - {# VWR 007/008/257} add 10 pi 
100% DMSO to wells B1 to H1 1 

2) To wells A1 to A11 add 17.5|jI 100% DMSO 

3) Add 2.5 Ml cpd to A1. This gives 2.5 mM {50x> stock cpd - assuming 
cpds 20 mM. 

4) Repeat for wells A2 to A10. Control In columns 1 1 and 12. 

5) Transfer 5 Ml from row A to row B- not column 12. Mix well. 

6) Transfer 5 Ml from row B to row C. Mix well. 

7) Repeat to row G. 

8) Do not add any compound to row H - this is the 0 row. 

9) This produces a 1x3 dilution series from 50 mM to 0.07 pM. 

10) ln well B12 prepare 20 pi of 100 pM standard compound. 

11) After first incubation the assay plate is read on a Fusion™ a-FP plate 
reader (Pacl<ard Bioscience, Pangboume, Bericshire.UK). 

12) After the first read, 2 pi of diluted compound is added to each well for 
columns 1 to 10. In column 11 {provides standard curve) only add 
compound B11 - H1 1. Add 2 [i\ of lOOmM standard cpd to wells B12 - 
HI 2 {is positive control } 

13) The Z' factor is calculated from zero controls and positive wells. It 
typically gives a value of 0.7 - 0.9. 

The compounds tested In the above assay were assigned to one of two 
activity ranges, namely A = <10nM; B = >10mM, and those assignments are 
reported above. 
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